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The polarization parameter in proton-proton elastic scattering has been measured at an
incident momentum of 7.9 GeV/c and four-momentum transfers in the range 0.9 < |11 <
6.3 (GeV/e)? using a high intensity unpolarized proton beam incident on a polarized
proton target. The angle and momentum of the forward scattered profons were measured
with 5 magnet spectrometer and scintillation counter hodoscopes and the angle of the
recoil proton was measured using similay hodoscopes. A clean separation beiween the
elastic scattering from free hydrogen and that coming from inelastic interactions and
from interactions with complex nuclei in the farget was obtained. The polarization shows
substantial structure rising from zero at 1] = 1.0 (GeV;’c}2 toa maximum at £ = 1.7
{GeV/e)? and then falfing to zero at 171 = 2.0 (GeV/e)®. There is evidence of a further
peak at ir] = 2.8 (GeV/ie)L. Above 1] = 3.25 (GeV/o)? the polarization s small and con-
sistent with zero. A comparison of these data with data obtained 2t other beam momen-
ta shows that the polarization parameter has # strong momentum dependence.
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1. Introduction

In this article we present the resulis of an experiment which measured the polar-
ization parameter in pp elastic scattering at 7.9 GeV/c carried out at the proton
synchrotron NIMROD at the Rutherford Laboratory. The measurements covered
large c.m. scatiering angles between 30° and 86° corresponding to a four-momen-
tum transfer range 0.94 < {r{ < 6.1 (GeV/e)®.

‘the measurement of the spin-related parameters in pp elastic scattering has been
much extended in the past few years to high bearn momenta and measurements of

- the polarization parameter (Py) have been extended out to large values of momen-
tum transfer. The existing data show that there is significant structure in Py as a
function of ¢, the four-momentum transfer squared, and that Targe values of Pg
exist at incident beam momenta up to at least 17.5 GeV/e.

Several measurements [1-3,6] in the region [ to 6 GeV/eand 1] S 1.0(GeV/e)?
“showed the development of a dip around |¢] = 0.7 (GeV/c)?. The experiments of
Borghini et al. [4,5] were the first to extend the measurements to high beam mo-
menta and subsequently to high 7. These measurements at 6, 10, 12, 14 and 17.5
GeV/e showed that the dip at |7} = 0.7 (GeV/c)? evolved into a double zero as the
incident momentum increased and that further structure sxisted at larger ¢, Above
6 GeV/e the dominant features of Py(f) arc 2 peak at around }#] = 0.3 (GeV/e)?

TWhose value decreases rapidly with the incident proton momentum, a double zero
around {¢] = 0.7 (GeV/e)? rising (o a peak at |7] = 1.7 {(GeV/c)? whose value is in-

dependent of the momentum. Finally Py again falls to zevo around i} = 2.0 (GeV/e)?.

It is well known that changes in the structure of amplitudes in two-body reac-
tions can fead to changesin the slope of the differential cross section but in general
show up more dramatically in the polarization parameter which is an interference
between the spin {lip and non-flip amplitudes. In pp elastic scattering this correla-
tion is evident as the differential cross section varies smoothly up to a beam mo-
mentum of 7 GeVje and then develops a shoulder at 1 < I¢] <2 (GeV/c)? between
7 and 12 GeV/e. This structure grows with increasing momentum until at an equiv-
alent ISR momentum (1500 GeV/c) there is a significant dip near [#] = 1.4 (GeV/c)?
followed by a broad peak around 7] = 2.0 (GeV/e)? . At present there is no unigue
theoretical explanation for these effects. Some Regge-type models [9,11] give a
reasonable description of the polarization dita only for (7] < 1.5 (GeVje)?, Eikonal
§12] and optical models 13,14} give a better overall description over a larger {£]
range, but pure optical models predict the palarization in pp and pn elastic scatter-
ing to be the same contrary 1o the data of Diebold et al. [15].

The aim of this experiment was to measure the polarization parameter over as
wide a c.m. scattering angle range as possible, with good statistical accuracy, to
provide 2 map of the structure for tests of the underlying amplitudes in pp efastic
scattering. Also a measurement at 7.9 GeV/e provides a good intermediate link be-

tween the siructure at 12,3 GeV/e with the relatively featureless data around 5 GeV/e,

in a region where the differential cross section is changing quite significantly.
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2. Experimental apparatus and procedures

The measurement of pp elastic scattering used a specially constructed beam
(P81) from NIMROD which gave intensities of about 10% protons per pulse at
7.91 GeV/e [16] onto a standard CERN polarized proton target. The forward
scattered protons were detected by scintillation and Cerenkov counters and the
scattering angle and momentum determined by scintillation counter hodoscopes
and a bending magnet. The recoil protons were detected by two trigger counters
and their scattering angle measured by scintillation hodoscopes. The hodoscope
data was sent to an on-line computer (Data General Nova 1220) which performed
a simple on-line analysis and wrote the raw data onto magnetic tape.

-~

2.1. The beam

The beam was obtained by parasitic extraction from the normal X3 extracted
beam. The beam momentum was 7.88 GeV/e at the start of the flat-top but was
ramped by 0.7% over the period of the beam spill to give an average beam momen-
tum of 7.91 GeV/e. Since no detectors could be used to detect individual particles
n such a high intensity beam, a small spot and small divergence and small halo were
needed to keep the spatial variation of a beam particle within narrow limits.

NIMROD uses a plunge magnet extraction system for the X3 beam. A second
piunge magnet was used to intercept a percentage of the beam destined for X3 and
divert it in a single turn to the P81 extraction channel. With 3 X 1012 protons cir-
culating in NIMROD and a 25% share of X3 the P81 beam delivered 1.0 X 167 pro-
tons per pulse with divergence +0.55 mrad horizontally and +0.7 mrad vertically
mto a spot size (FWHM) of 3 mm vertically and 4 mm horizontally. The intensity
of the halo was 107? of peak intensity at a distance of 4 mm from the centre of
the spot, '

Although initial adjustments to the beam line were made with a scintillating
screen and TV camera and polaroid film, the operation was much simplified by the
addition of a multi-wire ionization chamber which displayed the beam size and
position each pulse. The beam intensity was measured cach pulse by a paralle!
plate ionization chamber. For the final adjustments a detailed measuzement of the'
finat focus was made by scanning a I mm thick copper target across the beam and
viewing it with a counter telescope.

Later in the experiment, it was necessary to use other conditions at the final
focus because of radiation damage to the polarized target. This will be discussed
in more detail below,

2.2. The polarized rarger and radiation damage

A standard CERN target of the type described by Roubeau et al. [17] was used.
The target material was 1-2 propanediol doped with CrY complexes and maintained



352 D.G. Aschman et al. | Measurement of the polarization »arameter

ata temperature of 0.5 K in a vertical magnetic field of 2.5 Tesla. The propanediol,
in the form of small spheres of 1.5 mm diameter, filled a cyfindrical cavity of dia-
meter 16 mm and length 45 mm with packing fraction of about 0.7.

The overall polarization of the sample was measured by an NMR coil wrapped
around the outside of the target. The NMR readout was controlled by the on-line
computer and the area under the NMR signal was caleulated digitally at the end of
each accelerator pulse and the polarization calculated by scaling from the previous-
ty measured thermal equilibrium signal. The number was writien to tape and to disk
to enable the time dependence of the polarization value to be displaved on request.
Also displayed was the NMR signal itself.

Initial polarization values obtained from this target sysiem were generally in the
range 70—75%. After exposure to a beam flux of 10% protons per pulse the initial
polarization value (Py ..) gradually decreases because of radiation damage. This
decrease can be deseribed by a simple exponential form

Pr($} = PTax S s

where ¢ = integrated beam fhux (proton - em ™7}, and ¢ is the characteristic valve,
The effect has been studied previously with buianol targets in intense electron and
photon beams 18] and ethy] giycol targets in proton beams [19] and values for ¢
have been found in the range 2 to 5 X 10" particle - em ™2,

The NMR signal in the present experiment was derived from a coil wrapped
around the outside of the target material and thus the NMR polarization value was
an average over the target volume or a ‘bulk’ value. This may differ considerably
from the value in the central core region {*core’ value) from where the scattering is
faking place so either the bulk value has to be corrected, or a direct measurement
of the core value is necessary. 11 the bean spot is very small the frequency with
which the target material has to be annealed or changed becomes high.

We tried to reduce the effects of radiation damage by spreading the beam over a-
larger cross section of the target by simply increasing the spot size (big beam) or
by ramping the beam vertically during the spill. For sach of these conditions we
made a more direct measurement of the fall of core polarization by measuring the
asymmetry in pp elastic scattering at |1} = 1.7 (GeV/c)?. At this value of |r] the
asymmetry is high (15% for Py = 1) and the trigger rate was 5 events per 10° inci-
dent protoas. Pairs of spin up/spin down runs at this ¢ seiting were interspersed
with normal data taking and the fall off of this asymmetry used in correcting the
NMR value for the target polarization. '

Fig. 1 shows the NMR target polarization estimate and the 7| = 1.7 asymmetry
as a function of total beam through the target for the three beam conditions. Table

-1 gives the parameters of the beam and [, (the 1/e value) in cach case for both the
NMR and asymmetry measurement.

It is interesting to speculate that the area of radiation damage consists of two
regions, a ceniral core which is damaged by the direct beam and a second area
around the core which is damaged by secongary ionizing radiation. In each case
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Fig. 1. The effect of radiation damage in the polarized target shown as the reduction of target
polarization asa function of the total number of protons through the target for the thres beam
conditions described in the text. The reduction is shown for the two methods of measurement;
an NMR method and a scattering asymmetry measurement.
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Table 1

Radiation damage parameters for three beam conditions

Beam description In (x 10 protons) 0

and size NMR Asymmotry 10'% proton - em™?
Small’ 4 %2 mm? 14 1.0% 0.1 2.2+ 02

Big' 83X 7mm? 18 1.8+0.2 C22#02

Ramped’ 4 X 10 mm? 2.5 2502 2502

the damaged area was assumed fo consist of a central core defined by the beam
size {FWHM) and an outer ring of estimated width 0.7 cm. The value of ¢y was
calculated for each case and is given in the last column of table 1,

The average characteristic value for radiation damage to propanediol by 8 GeV/e
protons i ¢g = (2.2 £ 0.25) X 10" protons - cm ™%, Attempts to anneal the target
by heating to 185°K were not successful so that the target material was changed
approximately every three days when the polarization had dropped to 50% or to a
level such that the correction factor it was necessary to apply to the NMR value
was a maximum of 15%. Most of the data was taken with the ramped beam.

2.3, The specrmme.ter

The layout of the apparatus is shown in fig, 2. An ionization chamber (1) mea-
sured the beam intensity and the multiwire fonization chamber (MWIC) monitored
the profile and position of the beam each pulse. The scattered and recoil proton
trajectories were measured by scintillation counter hodoscopes, H; to Hy. Hodo-
scopes Hj to Hg had a spatial resolution of 3 mm while that of H, was 2 mm [241.

The forward spectrometer measured the production angle and momeatum of the
fast forward scattered proton, After emerging from the field of the polarized target
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Fig. 2. Tavout of the experiment.
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magnet the proton was steered by magnets Maos and Myo towards the centre of
the momentum analysing magnet Mygs . The field in Mgy, was adjusted such that

a proton at the centre of the acceptance (for any 7 value) emerged along a fixed
line through the centres of counters S5 and S,4. The one-metre long Mgy, provided,
at maximum current, a {Bd of 1.8 Tesla metres giving a momentum resolution
6P/P of 2.0%. A detailed floating-wire study was made of the forward spectrometer
as a check on the calculated settings.

Hodoscopes H, and H; measured points on the trajectory into Myg, while Hy
and Hg measuared the trajectory out of the magnet. Hy and H; measured vertical
coordinates of the trajectory. Cerenkov counters € and C, were used to reject
pions. The recoll proton traiectory was measured in the horizontal plane by hodo-
scopes Hy and Hg while Hg measured a vertical coordinate on the trajectory.

The 7 acceptance (Af) was governed mainly by the size of the 83 scintillator of
width 15 cm positioned 16.25 m from the targst. As varied from 0.12 (GeV,—fc:}2
at [#]=1.01t00.175 at ¢t = 3.75. The azimuthal sceepfance A¢ was set by the size
of the recoil counter R, for 7] < 1.5 (GeV/c)* and by the size S5 for 72> 1.5
{GeV/c)®. Typical values were A = 50 mrad at i7] =1 (GeV/c}? and A¢ = 25 mrad
at |¢t] = 6 {GeVici?.

2.4 The monitors

A number of monitors were used for checks on the beam and for normalization
of the data taken with target spin up to that with target spin down.

A thin paralle] plate fonization chamber was used to measure the beam intensity
per pulse. The charge deposited by the beam protons traversing six 1 cm cells of
argon gas was collected on electrodes of 0.001 inch aluminium foil maintained at
a collection volfage of 500 V. The charge was stored and integrated over a beam
pulse in a Keithley 616 electrometer which digitised the information and read it
ott to a scalar. The beam inteusity was caleulated for the total charged stored, and .
agreed very well with a calibration against an frradiated alominium foil [20].

A multiwire fonization chamber was used to measure the beam profile and posi-
iion in both horizontal and vertical planes. The wire spacing was I mm and the
charge collecied by each wire over a beam pulse was stored ont a capacitor. At the
end of the pulse the capacitors were interrogated serially and the charge collected
then displayed as a voltage level on an oscilloscope.

Two three scintiliation counter telescopes viewed the target in the plane of target
polarization; M| 35 above the scattering plane and M, 44 below. These two telescopes
were sensitive to the number of protons hitting the target but insensitive to the
polarization direction to the extent that strong interactions conserve parity. A
third telescope T T T3 was sited to view the target at 90° 1o the beam direction
and was used for positioning the beam on the target. ' .

Another good monitor was a small spectrometer arm mounted on a moveable
table backwards of the polarized target. This arm was originally designed for the
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measurement of spin asymmetries in inclusive scattering of pions and protons in the
target frapmentation region and used scintillazion counters By-B;3 in conjunction
with a vertical bend in magnet Ma,.

To act as a monitor the arm was set so that only protons scattered backwards of
90° were detected. Such protons could only have come from the complex nuclei in
the target and thus was not sensitive to the polarization sign.

3. Electronics and data acquisition
3.1. Trigger logic

The logic used to define a trigger was very simple. The forward arm (S;55535,4)
and recoil arm (R, R,) coincidences were formed separately and then brought to-
gether to form the final RS trigger. Short resolving times (</5ns) helped to reject
fast pions. The status of the Cerenkov counters C, and C, was recorded in a paralle]
pattern unit (PPL).

Each photomultiplier in each hodoscope was cabled to a separate input of a
serial pattern unit {SPL). Signals from the hodoscope element set flip-flops in the
SPUs whenever they were in time coincidence with a gate derived from the trigger
pulse. In addition the SPU formed a fast OR output of all the input pulses which
was put into coincidence with the trigger gate {o form a CANDIDATE pulse. A
CANDIDATE signal was defined as an event with at least one particle in each of a
specified number of hodescopes. The CANDIDATE signal provided an interrupt
to the on-line computer and started the data-acquisition phase.

The CANDIDATE initiated the encoding phase, where the hodoscope pattern
was clocked into the encoding SPADAC [21] buffer at 10 MHZ. The addresses of
up to two hits in each hodoscopes could be encoded, the data from the nine hodo-
scopes occupying only nine 16-hit computer words.

The details of encoding with the SPADAC system have been discussed previ-
ously [21]. On completion of the encoding phase the nine hodoscope data words
and a tenth word from the PPU used to describe the Cerenkov status of an event,
were transferred to the Nova, At the end of each burst the conients of 24 CAMAC
scalars were transferred. When a data buffer was full, the event blocks it contained
were pre-analysed and the information written to a disk so that the performance
of the equipment could be monitored. Then the buffer was written to tape,

An ondine program caleulated the forward particle momentum, coplanarity and
recoil angle for each event and periodicaily displayed histograms of these quantities
and of the hodoscope distributions. The on-line analysis indicated that elastic events
were being acquired and that the apparatus was performing satisfactorily.

3.2. Dara taking procedure

In order to increase the elastic signal, the counters 5 and §4 were omitted from
the forward arm coincidence. thereby entarging the acceptance, and the loose trigger
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IRiR,] [5;S,] used. It was found that running in this mode did not unduly in-
crease the level of background under the signal compared to the tight trigger condi-
tions {Rl Rz] {S] 828384] .

All data for |2] > 1.8 (GeV/e)? was taken with the loose trigger except for
Ir]=2.75 (GeV/c)? where the currents in the steering magnets were zero and so had
no effect in separating signal and background. The tight trigger was used for this
situation and for points with |#] < 1.8 (GeV/c)? where the elastic event rate was high.

The data taking rate was strongly ¢ dependent because of the steeply falling elas-
tic cross section with increasing # and the acceptance of the spectrometer. At |1}
=1.6(GeV/c)? a run of duration one hour vielded tvpically 5 X 103 triggers while
at |7} =5 (GeV/c)* only 100 triggers were obtained.

Ags discussed above different beam conditions were set up to reduce radistion
damage to the target. Most data was {aken with a ramped beam, the rest with a
small beam. The ramped beam increased the vertical beam divergence and spot
size and broadened the elastic coplanarity signal by about 5% but gave a negligible
decrease in signal to background ratio and extended the lifetime of the target by
a factor of 3. :

A series of runs with polarization sign reversals of the form +—-—++——% up to
10 reversals were made in order to maximise the number of +/— pairs and to reduce
the errors from difts and systematic effects. Frequently a data set at a particular
i¢1 value was repeated a few days later as a consistency check.

4. Data analysis

The off-line data analysis was performed on the Rutherford Laboratory IBM
360/195 computer. :

Seiected runs from the raw data tapes were copied onto a master data tape. The
analysis program searched the tape for selected runs and analysed each event within
that run. It decoded the SPADAC words to obtain the address of the struck ele-
ment in cach hodoscope, caleulated the forward particle momentum and angle,
recoi} angle and coplanarity and printed histograms for these quantities. Scatter
plots of momentum and recoil angle and of forward angle and recoil angle were
also produced. Af all settings the elastic events were cleatly visible and subsequent
analyses were made o investigate the effects of cuts made on the various distri-
butions.

4.1. Eyent sclection

In ali data sets the clastic signal was clearly visible in the raw data. Fig. 3 shows
distributions in recoil angle correlation #g and forward momentum Fy at three
different ¢ values. The observed resolution of the clastic peaks agreed: quite well
with the calculated values which took into account Coulomb scattering, beam size
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and divergence and width of hodoscope elements. Before extracting the elastic signal,

the background level under the peak in the fp distribution was minimised by making
a cut on the forward momentum and two cuts on the coplanarity for each event,
The cuts made for the case of |1} = 6 (GeV/e)? are shown in fig. 4.

That the events left in the peak are due to scattering from free hydrogen and ot
contaminated by quasi-elastic scatters from bound protons was further demonstrated
by analysing runs made with a carbon target. No peak occurs and the background in
the distribution from propanediol is well described by the carbon data.

The background subtraction was made after summing the final histograms from a
number of runs. The low level of the backgrounds made it unnecessary to fit them
separately [or each run so all the runs in a data set were summed and the tails of
the distribution fitted with a polynomial (usually a quadratic) using 2 least squares
method. The resulting shape was then sealed to fit the tails of the distribution ob-
tained by summing those runs in the data set which had target polarization positive.
The background level per bin under the peak was estimated by extrapolating the
fitted curve and subtracting {rom the signal to give the number of hydrogen events
N;{ present and associsfed error 51\’}:. An identical procedure gave Np and SN

4.2. Caleulation af the asymmetry

The elastic scattering asymmetry was caleulated fram
B N+ —fN‘
N+ N~ — (B +187)

Ay

where the background B* is unpolarized, and where

_ number of incident protons for positive FPr

number of incident protons for negative Pp

The monitors for measuring this factor have already been described, and in general
the average value from all the monitors was used for I
If Ay is small then the error 54y is given by

BAu ™ [(BNT)* 4 12BN )+ (N Y2672 V(N + (v

The contribution to the error in £, §f was from systematic effects such as drifts
in counter efficiency. 5f was calculated from the spread of the ratios calculated with
each monitor about their mean. A figure of merit for each monitor was also cal-
culated to indicate the size of drift for that monitor. A final consistency check was
made by using ar internal monitor, the tails of the flg distribution. As the back-
groung in the tails came from the unpclarized nucleons of the complex nuclei the
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asymmetry
T
Ataizs = S
was required to be zero, where T% are the number of events in the tails. Datz sets

with 4, differing from zero by more than two standard deviations were rejected.
The polarization parameter Py was obtained from the equation

An Ay

Fo= Py IR HPLY - APy =D}

where

(Pry= E (Pry/n*,

Piy= Py

and n” are total number of runs with polarization sign +, n™ are total number of runs
with polarization sign - , and {Pr); is the average target polarization (corrected for
radiation damage) in the 7th run,

I addition there is an overall systematic uncertainty of 5% due mainly to the un-
certainty in the knowledge of the absolute value of target polarization,

3. Results and discussion

The measured polarizations at 7.9 Ge'V/c are shown in fig. 5 and tabulated in table
2. These data show the structure which is characteristic of the higher momenta; the
polarization always being zero ar positive. The value of the polarization rises from
zero at |2} = 1.0 (GeV/c)* to a peak at |1} = 1.7 (GeV/e)? and then falls to zerc again
at [z] = 2.0 (GeV/e)?. There is some indication of a third peak at Jr] = 2.8 (GeV/io)?.
Theze is no compelling evidence for further structure above ir] = 3.25 (GeV/e)™

Fig. 6 shows a comparison of the present data with that at 7.0 GeV/e {7],10 GeV/e
[51, 12 GeV/e [8.23], and 17.5 GeV/e [5]. This comparison shows that the 7.9 GaVje
data is similar in structure to that of the data at higher beam momentum but differs
from that at 7.0 GeV/c. At 7.0 GeV/e there is no indication of the dip at {7}
= 2.0 (GeV/c)* which by 7.9 GeV/c has appeared. This behaviour of the amplitudes
appears 2lso to be reflected in the differential cross sections where 7.0 GeV/c is at
the threshold of a change in the shape of the differential cross section,

The overall shape of the 7.9 GeV/c data is in agreement with that of
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Borghini et al. [5] at 10, 14, and 17.5 GeV/c; particularly in that Py falls 1o
around zero at {21 =2.0 {GeV/c)z. That this is not so at 12 GeV/e i3 pointed
out below.

it should be emphasized that seme of the published values from Borghini
et al. are incorrect and that the correct values are tabulated in the unpublished
errata given in ref, [5],

It is interesting to consider the variation of the polarization with the

square of the c.m. energy s and fig. 7 shows this at |7} =0.3 (GeV/c)? the first
peak, at 21 = 1.7 (GeV/c)® the second peak and at |7} = 2.0 {GeV/c)® the second
double zero. At }¢|= 0.4 (GeV/e)y the data lie on & smooth curve, Py falling ap-
proximately as s~ At {z] = 1.7 (GeV/e)? Py is essentially s independent. For
j£]= 2.0 (GeV/c)? he rapid change between s = 1325 and 14.9 GeV? (beam
momenta of 7.0 and 7.9 GeV/e respectively) is evident. At 5 =22.5 GeV? (heam
momentum 12 GeV/e) there is a noticeable deviation from the general trend of
the higher 5 data. The two experiments in this region [8,23} show that the

second peak has widened allowing Py at |11 = 2.0 (GaV/e)* to be close to the peak
value.

In fact an extension of the experiment of ref. [23] by Miettinen ¢t al, [25]
shows qmt“ conclusively that, at 11.75 GeV/e at least, Py folls slowly away fmm
the peak value and does not fall to zero at {1} =2.0 (GeV/c)®.

A wide variety of models have been used to try and fit and interpret these
features of the polarization together with the differential cross sections. These
models generally fall within the three categories of Re zge pole, geometrical or
cikenal descriptions of the scattering process.

The structure at small¢ (7 S 1.5 (GeV/c)?) can be reproduced using a conven-
tional Regge approach with pole exchange alone, but it is not possible to obtain
satisfactory fits to both the differentizl cross sections and polarizations or repro-
duce the s dependence of the polarization. The introduction of strong cuts due
to tescatlering or absorption effects enables the observed experimental features

- to be reproduced at feast for 17] £ 1 (GeV/e)?. For example the mode} of Kane
and Seidl [11] shows how the dip in Py at |#{ = 0.8 (GeV/c)? develops with s to
become a double zerc and to eventually go negative. )

Geometrical descriptions of the nucleon-nucleon interaction by the use of
optical models have been quite successful. In such models the interaction is as
sumed to be diffractive and Durand and Halzen [14] have shown that if one makes
two additional assumptions then a simple relation between polarization and diffes-
ential cross section is obtained. The assumptions are that ihe only spin depend-
ence of the interaction arises from a weak spin orbit force and that the spin flip
amplitude peaks al the periphery of the non-flip amplitude. Then the relation is

do d do
P{) — A e
dt dv/-r dr

Thus structure in the polarization is expected at the four-momentum transfers at
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Fig. 8. Comparison of the data from this experiment of 7.9 GeV/c with an eikonal model prediction of Bourrely et al. [12]:
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which the differential cross section also exhibits structure,
A particular model is that of Chu and Hendry {13] where the picture is of

scattering from a grey absorbing disc with radius R = 0.9 fin. This gives a polariza-
tion

Py~ [J{(RN DRt

with double zeros located at the zeros of the Bessel function at 1] =0.7, 2.5 and
5.2 (GeV/e)?. This is in very good agreement with the data at 12.3 GeV/e out to
[£]= 6 (GeV/e) .

However as the differential cross section for both pp and pn elastic scattering
are approximately equal all such models must predict the polarizations for the
two reactions to be the same. That this is not the case is obvious from the data of
Diebold et al. [15].

Attempts have been made to unify the s and r channe! descriptions of nucieon-
nucleon scattering by using the eikonal approach together with Regge pole exchange.
In a model such as that of Bourrely et al. [12] the geometrical description of nu-
cleons which leads to a multiple scattering series is combined with Regge pole ex-
change with absorption. With such an approach, a reasonable description of polariza-
tions in nucleon-nucleon scattering has been obtained over a large range of energy
and four-momentum transfer. Fig. 8 shows the predictions from this model for pp
elastic scattering at 7.9 GeV/c compared to the data from this experiment. There is
good agreement out to approximately |7] = 2 (GeV/jc)?.
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